Abstract Pets are an important source of indoor allergens.
Background
Over the last few decades, the prevalence of asthma and allergic diseases has increased (Johnson et al. 2002; Maziak et al. 2003; de Marco et al. 2012; Qu et al. 2013 ). Furthermore, a large geographical variation in symptoms has been observed (Janson et al. 2001; Asher et al. 2006 ). In the Polish population, asthma and allergic disorders are serious problems of public health (Liebhart et al. 2007; Samoliński et al. 2009; Bro_ zek et al. 2010 ). In a number of studies, an increase in the prevalence of allergic diseases in urban areas compared to rural ones has been observed (Nicolaou et al. 2005; Majkowska-Wojciechowska et al. 2007 ). The role of environmental factors in development of respiratory symptoms is significant (Kasznia-Kocot et al. 2010; Heinrich 2011) . Several studies have confirmed that exposure to animal allergens is an important risk factor for eczema and allergic respiratory diseases (Brussee et al. 2005; Brunekreef et al. 2012) . Greater asthma severity in allergic individuals is associated with increased pets allergen concentrations (Salo et al. 2008; Gent et al. 2009 ). However, direct relationship between the level of exposure to allergens, prevalence of sensitization to pets and development of asthma remains problematic (Custovic et al. 2010; Platts-Mills and Woodfolk 2011) . Moreover, exposure to animals can develop a form of tolerance without causing allergic disease (Murray et al. 2001) .
According to the Public Opinion Research Center (Wciórka 2003) , 52 % of polish households include at least one pet. The most favored are cats (19 %) and dogs (36 %). The literature data focused on environmental exposure to pet allergens are very limited, in Poland. Up to the moment, studies were carried out only in homes (Jedrychowski et al. 2008; Waradzyńska et al. 2012; Kozajda et al. 2013 ) and kindergartens (Cyprowski et al. 2013) . Depending on the presence of pets, three different environments were chosen for our study. Permanent presence of the animal (households with cat or dog), temporary staying (transporting pets inside the car) and no animals residing (classrooms, households without pet ownership) were taken into consideration. Thus, the aim of the study was to compare cat and dog allergen levels in cars, schools and homes.
Materials and methods
The study was carried out in 17 cars, 14 classrooms of 6 schools and 19 dwellings located in the Upper Silesia-the highly industrialized and urbanized region of southern Poland. Variations in the location, age and technical condition of the building as well as number of children were the main criteria for choosing a school. Two of the schools were situated outside the agglomeration, 2 schools in the suburbs and 2 schools in the city center. The mean age of the buildings was 49 years (range 20-85 years). The number of children attending the surveyed schools varied from 60 to 391, and the number of pupils per classroom ranged from 9 to 114 (in classroom with rotation system). The number of cat and dog owners in investigated classrooms varied from 0 to 14 and from 1 to 39, respectively. Pet ownership and transporting animal inside the car were the most important criteria for choosing a home. Of the investigated homes, 11 contained cats and 10 dogs. One of the households did not own pets, and in three of the surveyed homes, both a cat and a dog were present. Six cat owners and six dog owners used their car for animal transport. Selected homes, as well as schools, differed in location (1 home outside the agglomeration, 12 in the suburbs and 6 in the city center) and age of the building (range 6-100 years). Of the selected homes, there were 12 detached houses and 7 flats in an apartment block.
Settled dust and air sampling
Dust samples were collected with 2100 W vacuum cleaner (Zelmer S.A. Rzeszów, Poland) using a specially constructed dust trap filter. A surface area of 2 m 2 of smooth and carpeted floor was vacuumed for 2 min, in classrooms and dwellings (usually in living room and bedroom). In dwellings, samples were also taken from beds, upholstered furniture and dens of pets. In cars, whole surface of seats were vacuumed for 2 min. A total number of 133 dust samples were collected (including 17 samples from cars, 22 samples from classrooms and 94 from dwellings) from which 115 were examined for cat allergen (Fel d 1) and 126 for dog allergen (Can f 1).
Air samples were taken at the height of 1.0-1.5 m above floor level to simulate aspiration from the human breathing zone, using a Casella Vortex ultraflow pumps (Casella, Amherst, USA) on polyvinylidene fluoride membrane filters (0.45 lm, 25 mm diameter; Millipore Corp., Billerica, MA). Samples were taken at flow rates of 4 and 8 L/min. The volume of the air sampled was 3-18 m 3 . A total number of 21 air samples were collected and examined, including 6 samples from classrooms (from 6 schools) and 15 from dwellings (usually from living room or bedroom). In 4 homes, we had no permission to perform measurements (due to long sampling time and generated noise). Moderate and high levels of allergens were determined based on levels identified in the literature as potentially related to sensitization or asthma exacerbation (Ingram et al. 1995; Leaderer et al. 2002) . Lower and upper cut points of the distribution for allergens were C1 and C8 lg/g for Fel d 1 and C2 and C10 lg/g for Can f 1 (Tables 1, 2). 
Statistical analyses
The collected data were statistically elaborated with Shapiro-Wilk, Kruskal-Wallis, Mann-Whitney tests and Spearman rank correlation using Statistica (data analysis software system), version 7.1 (StatSoft, Inc., Tulsa, OK, USA). For statistical analysis, samples with Fel d 1 and Can f 1 allergen levels below the detection were assigned a value of half the limit of detection (which were 0.2 and 0.5 ng/ml, respectively).
Results

Settled dust samples
Concentration of cat allergen (Fel d 1)
The concentrations of Fel d 1 (detectable in 96.5 % of samples) are presented in 
Concentration of dog allergen (Can f 1)
Can f 1 was detected in 88.1 % of samples. The concentrations of Can f 1 are shown in Table 2 . In general, concentrations of Can f 1 in schools (GM 0.57 lg/g, range 0.12-4.45 lg/g) were lower than in dwellings (excluding dens of pets, GM 1.08 lg/g, range 0.01-204.56 lg/g) and cars (GM 0.86 lg/g, range 0.11-14.32 lg/g). Dog allergens in levels above the upper cut point (C10 lg/g) were detected in three cars. The concentrations of Can f 1 in cars whose owners transport dog inside were considerably higher than in cars whose owners did not have a pet (MannWhitney test p \ 0.01). There were no significant differences in amounts of Can f 1 in cars of dog owners depending on whether the animal was transported inside. The GM per school varied from 0.3 to 1.18 lg/ g. In one classroom, the level of Can f 1 exceeded 2 lg/g. Detectable levels of Can f 1 were found in 91 % of samples taken in homes without pet, but with reported dog ownership a few years (2-5) before the study and in 48 % of samples taken in homes with negative interview on dog currently and in the past. In dwellings without dog ownership, concentrations of Can f 1 (GM 0.05 lg/g, range 0.01-3.5 lg/g) were considerably lower than in classrooms and homes with dog (excluding dens of pets, GM 24.29 lg/g, range 1.01-204.56 lg/g) (Mann-Whitney test p \ 0.01).
The GM per home with and without dog varied from 2.22 to 84.44 lg/g (excluding dens of pets) and from \0.01 to 0.97 lg/g, respectively. In 37 samples taken in dwellings, Can f 1 concentration was greater than 10 lg/g. The concentrations of Can f 1 were correlated with the number of dogs kept at home (Spearman correlation p \ 0.01, r = 0.83). There were no significant differences in concentration of Can f 1 in dust from living room and bedroom floors (Mann-Whitney test p [ 0.05). The highest concentrations of Can f 1 were observed in dust from dens of dogs (GM 59.88 lg/g, range 1.26-276.7 lg/g). However, only concentrations obtained from dens, carpeted floors and beds were significantly different (Kruskal-Wallis test p \ 0.05). Excluding dens of pets, the highest GM level of Can f 1 ([30 lg/g) was found in dust from carpets, in dwellings with dog. In households with pet ownership, the GM level of Can f 1 exceeded 10 lg/g in dust from beds and was greater than 20 lg/g in samples from upholstered furniture and smooth floors. The concentrations of Can f 1 in dust from smooth and carpeted floors in dwellings and schools were not significantly different (Mann-Whitney test p [ 0.05).
Air samples
The levels of Fel d 1 and Can f 1 found in air samples are presented in Table 3 . Both allergens were detectable in 43 % of samples. Obtained concentrations did not exceed 3 ng/m 3 . Furthermore, none of the air samples taken in schools had detectable level of Fel d 1. Concentrations of airborne Can f 1 found in 
Discussion
The results of the presented study showed that pet allergen levels in cars, schools and dwellings were different. Concentrations of Fel d 1 and Can f 1 in cars were lower than in homes with pets, but higher than in classrooms. Obtained results confirm the role of automobiles in the dispersal of pet allergens (Neal et al. 2002) . We found that 23.5 % of cars had Fel d 1 allergen level greater than 8 lg/g. The high level of Can f 1 allergen (C10 lg/g) was detected in 17.6 % of cars. According to the literature data, such concentrations are considered as risk levels to atopic or sensitized individuals for acute attacks of asthma (Tranter 2005) . The levels of cat allergen C1-8 lg/g and dog allergen C2-10 lg/g are regarded as risk factors for allergic sensitization of genetically predisposed people (Kozajda et al. 2013 ). In our study moderate levels of Fel d 1 and Can f 1 allergens were found in 35.3 and 11.8 % of cars, respectively. However, dog allergen concentrations were lower than those obtained by Taketomi et al. in private cars (Taketomi et al. 2006) . Since cat and dog allergens can be transported on hair and clothes of pet owners (Berge et al. 1998; Almqvist et al. 1999; Karlsson and Renström 2005; Cyprowski et al. 2013) , they are frequently detected in environments in which no animals reside (Custovic et al. 1996; Brunetto et al. 2009; Salo et al. 2009 ). As in case of studies carried out in Brazilian cars (Justino et al. 2005) , we have found that concentrations of cat and dog allergens in cars whose owners had a pet were considerably higher than in cars whose owners did not have. However, there were no significant differences in allergen levels regarding whether the owners transported pet inside. High levels of pet allergens were found in both types of car. Cat and dog allergens have frequently been detected in school environment (Tranter 2005; Salo et al. 2009; Fsadni and Montefort 2013; Zahradnik and Raulf 2014) . Moreover, differences in pet allergen concentrations between classes with few and many cat owners were found (Karlsson et al. 2004; Instanes et al. 2005 ). In our study, all dust samples taken from floors in schools had detectable levels of Fel d 1 and Can f 1, but allergen concentrations were not correlated with the number of pet owners. Moderate levels of Fel d 1 and Can f 1 were detected in 42.9 and 7.1 % of the investigated classrooms, respectively. The study revealed that concentrations of cat and dog allergens in schools were higher than in homes without pets. Similar results were obtained by other authors (Dybendal and Elsayed 1994; Perzanowski et al. 1999) .
Households with pets constitute a significant site of exposure to cat and dog allergens. Similarly to other studies (Ingram et al. 1995; Raunio et al. 1998 ; Fahlbusch et al. 2002; Arbes et al. 2004; Jedrychowski et al. 2008; Nicholas et al. 2008; Park et al. 2014 (Parvaneh et al. 1999; Nicholas et al. 2010) . Distribution of Fel d 1 and Can f 1 can indicate preferred places of pets staying within the house (Jedrychowski et al. 2008 ). As could be expected, the highest concentrations of cat and dog allergens we observed in dust taken from dens of pets. Literature data show that high levels of pet allergens are often found in beds, upholstered furnishing and carpets (Chew et al. 1999; Berger et al. 2005; Jedrychowski et al. 2008; Brunetto et al. 2009; Kozajda et al. 2013 ). In our study, the upholstered furniture was the most frequent place of high exposure to cat allergen and the floor to dog allergen. Numerous studies have indicated that carpeted floors accumulated more allergens than smooth floors (Dybendal et al. 1991; Amr et al. 2003 ), but we did not observe significant differences in amounts of Fel d 1 and Can f 1 in dust from both types of flooring. Although some previous published results (Munir et al. 1994; Fahlbush et al. 1999 ) have indicated that dust from living rooms contained higher levels of pet allergens in comparison with other living quarters, in our study obtained concentrations were similar. It may indicate that pets spent a similar amount of time in both rooms. Airborne Fel d 1 and Can f 1 levels were found low. In accordance with several other reports (Parvaneh et al. 2000; Custis et al. 2003; Munir et al. 2003) , our results demonstrated correlation between pet allergen concentrations in settled dust and air, in homes. However, determined levels of airborne Fel d 1 and Can f 1 were lower than those obtained by other authors (Bollinger et al. 1996; Custovic et al. 1999) . It could be due to the fact that majority of the measurements were conducted during the time when most of the residents were not at home. Reduced household activity resulted in a reduction of reservoir dust disturbance. As it was indicated in previous studies (Almqvist et al. 1999; Permaul et al. 2012) , the levels of airborne cat and dog allergens in classrooms could be higher than in homes without a pet. In the case of dog allergen, our results correspond well with those studies. Nevertheless, concentrations of airborne Fel d 1 were below the limit of detection in all investigated schools.
We realize that our study has some limitations. A major of them is the relatively small sample size. Measurements were taken only once in each of the 17 cars, 14 classrooms and 19 dwellings. Of the investigated surfaces, only single sample was collected. Another weakness of the study is the fact that we do not have information regarding pet contacts in neighborhood.
Despite these limitations, our study has numerous strengths. While most of literature data come from only one kind of environment, our measurements were performed in both schools and homes as well as in cars. Studied dwellings and cars were divided into groups, differ in the presence of pets and use the car for animal transport. Thus, we were able to compare allergen concentrations in these environments. Furthermore, in homes and classrooms both settled dust and airborne samples were collected.
In conclusion, the highest amounts of cat and dog allergens were found in households with pets. Allergen concentrations were correlated with the number of animals kept at home. High concentrations of Fel d 1 and Can f 1, above the level that might induce acute attacks of asthma, were found in homes with pet ownership and cars of pet owners. The study revealed that cars of pet owners may be reservoirs of cat and dog allergens even when animals are not transported in them. In schools, the highest concentrations of allergens were within the moderate levels associated with increased risk of sensitization. Concentrations of cat and dog allergen in schools were higher than in homes without pet. While airborne Fel d 1 and Can f 1 levels were found low, residential allergen concentrations in settled dust and air were correlated. The presented study showed that classrooms and cars of pet owners may be important sites of exposure to cat and dog allergens, though the highest concentrations of Fel d 1 and Can f 1 are found in homes of pet owners.
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